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Abstract
This paper proposes a method study and development induction heating system using low energy the method was
designed system by haft-bridge inverter circuit to the direct load of LC series resonant. The half-bridge inverter had
been generating frequency on 47 kHz and adjustable a pulse width modulation (PWM) which program by 
microcontroller power supply full-bridge 50 volt and overload current sensor by means of hall current sensor. The
exemplar had an aluminum round bar diameter size 8 10 13 mm. and 10 mm. as long size. The method had provided 
heat aluminum while 6-9 minute the small size of exemplar had melted fast more than extra size with use of current 
among 7.55-9.2 ampere is used minimum electric power of 377.5 watt and 461 watt as maximum. Comparison with 
other research used of power since 0.5-3 kilowatt have to from an isolated high frequency transformer had been
losing power transfer more than direct resonant load wherewith the material have coincided of size.
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1. Introduction
Induction heating is a well-known technique to produce a very high temperature for applications [3]
this technique requires voltage of high frequency that is ability to stimulate a inducing high frequency
eddy current in piece of work is a result of heating effect. Induction heating equipment using high-
frequency inverter topologies has the practical advantages of safety, cost effectiveness, energy saving,
clean environment, very high thermal conversion efficiency, rapid and direct local focusing heating
process, high power density, high reliability, environmental non-acoustic and low electromagnetic noise
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[1,3-8] A large number of topologies have been developed in this area. Among them, current-fed and 
voltage-fed inverters are most commonly used [3  a half-bridge inverter is among the topologies used in 
induction heating applications. Switching schemes like pulse density modulation (PDM) [2], 
asymmetrical duty cycle control (ADC) [3] and frequency modulation (PFM) [4] have been reported. A 
resonance circuit have been connected to a half bridge inverter is used with a high frequency transformer 
which caused loss of power transformers in primary coil to secondary coil. 
This work proposes an automatic adjustable by means of pulse-width modulation (PWM)for a half 
bridge inverterwhich is connected to directed LC serial resonant. As a result a system is lower than 
energy using high frequency transformer. That DC power supply can be using to power not exceeding 0.5 
kw and system have melted of efficiently for a material. 
Induction heating occurs from electrical and heating phenomenon based on electromagnetic Induction, 
Skin Effect, and Heat Transfer. When supplying the AC signal to magnetic coil which specimen is 
installed inside. The AC signal will induce magnetic field crossing the induction coil, so that , if the 
specimen is magnetize the magnetic field crossing the specimen will induce current flow. Mostly, 
skin. Such heat which depends on the induction current and equivalent resistance of the flowing paths will 
be transferred to neighborhood through radiation, convection, and conduction at the Skin. 
Fig.1 demonstrates simple induction heating method. If the specimen is installed inside or near the 
induction coil, the specimen will be induced and the heat will occur. Considering the system as a 
transformer Unit, the induction coil performs as primary coil whose turn equal to the turn of induction 
coil and the specimen perform as one-turn secondary coil connecting to a load like short circuit due to the 
equivalent resistance of the specimen is relatively low. 
 
 
Fig.1. Simple introduction heating. 
Fig. 2 demonstrates equivalent circuit of the induction coil and the specimen. Giving  as the current 
flowing in the induction coil and  as the current flowing in the specimen, these two currents are related 
as follows 
I1
N1
I2 = I1N1
ZL
 
Fig.2. Equivalent induction heating circuit 
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      (1) 
Where is the equivalent resistance of specimen Heating losses,  in the specimen equals to 
     (2) 
Form equation (1) to (2) property of the induction coil can be calculated as shown Induction coil 
efficiency 
      (3)
When the magnetic field induced eddy currents on the material, and heat from material. Heat depends 
on the amount of current flow and the resistance of the material. Deep heat equation is shown as (4  
      (4) 
 = Skin depth 
 = Relative permeability 
f = Frequency 
 = Resistivity 
 
When the AC signal entered to the induction coil.Skin depth is the depth in millimeters which is more 
or less heat depending on Induced currents and resistance of the path through which current flows. The 
heat is transferred by thermal radiation to other area the rest of the material.Power supply converts an AC 
voltage of 35 volts 50 Hz to dc voltage 50V and maximum currents of 15 amps for input to a half-bridge 
inverter circuit. Frequency is 47 kHz generated by the microcontroller AVR mega16 of OSC control 
diagram and FOD3120 driver pin gate a MOSFET of half bridge inverter circuit in order to the magnetic 
induction. An inverter driver converts dc voltage into ac voltage square wave frequency 47 kHz to the 
load resonance.Load resonant coil consists of 33 inductor connected in series with the capacitor 0.36 
generate the magnetic field canal through the material cause radiate heat from eddy currents on 
material. Current sensor used to measure the currents through load resonant circuit to forward to control 
currents by OSC control. 
Detecting the Hall current sensor current design and will be running two. It is part of hall current 
sensor and op amp by hall current sensor. 
It is the current and voltage signals into circuit with op amp is used to amplify signal and send to OSC 
control limit current less than 10 amps as shown in Figure 3. 
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Fig. 3. Diagram of Hall current sensor 
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In the current not to exceed limit. Method of adjusting duty cycle of Pulse-width modulation (PWM) 
has decreased automatically using has been programming by microcontrollerAVR mega16 is main 
controller which belong OSC control. 
The induction heating system for that would work with higher of resonance frequency slightlythe 
performance will take impedance at load resonance circuit fewbecause the specimen thermal resonance 
frequency changestherefore management functions of the circuit to operate higher more a frequency 
resonanceto prevent damage from short circuit current of MOSFET as resonance frequency.It can be 
calculated from the equivalent circuit of Fig. 4. 
Vo
Cq Lq
Rqio
 
Fig. 4.Equivalent circuit of serial load resonance  
Fig. 4 based on the inverter switching frequency is equal to the resonance frequency. A current through 
circuit load resonance with the maximum current which can be determined by equation 5. 
      (5) 
     (6) 
        (7) 
      (8)
 is current through circuit load resonance. 
The circuit can be divided into two periods, the work is the first that S1 closed circuit S2 open circuit 
and the second is S1 open circuit S2 closed circuit as shown in Figure 5 and Figure 6 respectively voltage 
are shown in Figure 7. 
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Fig. 5. Periods 1 Fig. 6. Periods 2 
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Fig. 7. Output voltage of the inverter circuit 
2. Experimental results 
Experiments by heating the sample and measuringthe power at input of circuit to load resonance. 
Experiment will measure the temperature in degrees Celsius on surface of work piece aluminum rods 
sphere diameter of 8, 10, 13 mm, each bar is 10 mm and measure are counted time from begin of current 
to the load resonant circuit as table 1 and table 2 is a results between current and time to heat the work 
piece. 
Table1. Heat on the surface at different times Table2. Input current of load resonance at different times 
size/time 8mm 10mm 13mm 
1 min 245 227 204 
2 min  484 430 335 
3 min 513 457 401 
4 min 597 514 442 
5 min 633 581 486 
6 min 673 603 506 
7 min 682 634 561 
8 min 702 672 612 
9 min 712 698 668 
 
size/time 8mm 10mm 13mm 
1 min 9.22 8.78 8.5 
2 min  8.97 8.52 8.32 
3 min 8.70 8.34 8.11 
4 min 8.33 8.07 7.95 
5 min 8.29 7.91 7.86 
6 min 8.03 7.83 7.8 
7 min 7.70 7.82 7.76 
8 min 7.67 7.74 7.73 
9 min 7.55 7.6 7.64 
 
 
From Table 1, heat generated on the work piece relative to time. When time for how long the surface 
temperature will rise by a lot more time with. 
From Table 2, whenincrease in the heat continued current flow in the load resonance decreases 
continuously as program is set to run up to 10 amps.  
 
 
 
Fig. 8. The relationship between temperature and time Fig. 9. The relationship between current with time 
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3. Conclusion 
Experiments from figure8 when provide heat and work continuously. Temperature of the specimen has 
increased rapidly. The work pieces are small; the temperature will rise faster than the larger pieces by 
means of initial temperature of - minutes have increasing rapidly. And when the workpiece to 
temperature arrive melting point temperature of the specimen is likely to remain since after minute 
onwards. Because rate of heat loss of the specimen with the thermal radiation from similar. From figure10 
when provide heat and work continuously.Temperature began increases of the workpiece and the current 
through the series load resonant circuit is much from the beginning of time.When use time for it to heat to 
work better current through the load resonance is markedly reduced from current limit program working 
and when the workpiece started to change temperature less current trends constant, it has to be a reduction 
of at least 5 minutes during the first is on. 
When the minimum and maximum of current values were determined using a fusion power will be 
equal to the lowest power 377.50 watts and maximum power used for melting is equal to 461 watts. 
However, this research is in a preliminary experiment using low power. The prototype system is the 
stability of system is not efficient enough which develop a control system must also provide a constant 
frequency and PWM over the following. 
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